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Scheme 1. Flow Chart of Experiments
Val-Ala (A)(f) Figure S2 illustrate the reaction of ammonia with carbonyl groups in NOM. The results reproduce earlier studies on ammonia fixation reactions performed with higher concentrations of ammonia . The inverse gated decoupled spectrum ( Figure S2A ) exhibits primary amide nitrogens at 111.3 ppm that result from reaction of ammonia with ester groups in the NOM. The spectrum also shows peaks at 140.3 ppm, 154.7 ppm, and 173.3 ppm, that can be assigned as indole, pyrrole, and other nitrogen heterocycles that result from inter-and intra-molecular condensation reactions of ammonia with various combinations of quinone, ketone, and ester groups in the NOM. Only a truncated plot of the spectrum is shown because of its relatively low S/N ratio and problematic baseline roll. The full plot of the solid state CP/MAS spectrum ( Figure S2B ) reveals additional features, including an aminohydroquinone peak at 39.7 ppm, resulting from 1,4-addition of ammonia with quinone groups, and pyridine/pyrazine/quinoxaline nitrogens at 302.3 ppm, resulting again from a combination of inter-or intra-molecular condensation reactions of ammonia with carbonyl groups of the NOM. Assignments are summarized in Table S1 . NOM. In the ACOUSTIC spectrum of the sample before irradiation ( Figure S4, top) , the main peak at 361.4 ppm corresponds to oximes of ketones . Dioximes of quinones overlap with ketoximes; however, under the mild conditions of the derivatization reaction, condensation of hydroxylamine with quinones to form dioxime adducts is unlikely (Finley, 1974) . Nitriles, from Beckmann fragmentations of oximes, are present at 235 to 270 ppm. A band of resonances is also present from 165 to 215 ppm, plausibly assigned as imidazole, pyrazole, isocyanide, imidate and amidine nitrogens. The residual hydroxylamine peak occurs at 81.0 ppm, and an ammonium peak at 22.6 ppm. Signal enhancement by polarization transfer enables detection of peaks at 163 ppm (hydroxamic acids), 125.9 ppm (secondary amides and lactams) and 103.9 ppm (primary amides), as observed in the DEPT spectrum ( Figure S5 , top). Hydroxamic acids arise from reaction of hydroxylamine with esters.
As detailed in the main text, primary amides arise from Beckmann fragmentations of ketoximes, and Beckmann rearrangements of aldoximes; lactams and secondary amides originate from
Beckmann rearrangements of ketoximes. Because in general hydroxylamine condenses with the same carbonyl groups in NOM that ammonia does, the ability of ammonia, as a secondary reaction product, to undergo condensation reactions with the SRNOM subsequent to the hydroxylamine is presumably limited. It is interesting to note that oximes formed via condensation of hydroxylamine with SRNOM ketones and quinones appear to undergo
Beckmann and secondary reactions to a lesser extent than oximes formed via nitrosation of phenolic rings and activated carbons.
The ACOUSTIC spectrum of SRNOM irradiated to 67%IA 465nm and then reacted with hydroxylamine ( Figure S4 , bottom) shows a loss of the quinone monoxime (nitrosophenol) peak relative to the ketoxime peak, in comparison with the non-irradiated sample. This indicates that, among the ketones and quinones that react with hydroxylamine, the quinones have been preferentially photodegraded with respect to the ketones. There is no discernible loss of the hydroxamic acid peak in the DEPT spectrum ( Figure S5 , bottom), suggesting that photodegradation of ester groups has not been significant up to this point in the UV irradiation.
These results are consistent with similar analyses performed on the IHSS Nordic humic acid subjected to UV irradiation (Thorn et al., 2010) . reproduce what was observed with the sample of SRNOM irradiated with NaNO 3 at pH 3.5, then subjected to a second irradiation after removal of excess nitrate via dialysis ( Figure 6 , main text).
In both cases, nitrosophenol and oxime/nitro nitrogens were susceptible to photodegradation. 
